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1 Natural history of Zika in Human and Mosquito

Little is known about the natural history of Zika virus disease (ZVD). Below we define the in-
cubation period within humans, the infectious period within humans, the extrinsic latent period
in mosquitoes, and the infectious period in mosquitoes. The convolution of these determines a
potential range for the serial interval of Zika, where the serial interval is defined as the mean
time between successive cases of ZVD.

The incubation period in a Zika virus (ZIKV) infected human case, which is the time from
infection to the onset of illness, is assumed to follow a discrete distribution Pr(0 = 1) = «,
subject to ?L“g:m a; = 1, where ¢ represents the duration of the incubation period in days, and
Omin and d,,4, are the lower and upper bounds of the incubation period, respectively. Table S1
describes three sensitivity settings for the incubation period in humans, all of which have range
3 to 7 days: (1) the short setting has mean 4.3 days, (2) the medium setting has mean 5 days,
and (3) the long setting has mean 5.7 days.

An infected human ¢ remains infectious for D days from the date of illness onset (including
the date of illness onset). The infectiousness level is constant over the infectious period. Let
D,pin and D, be the lower and upper bounds of D, respectively. D is uniformly distributed
between D,,;, and D,,... The probabilities of this person being infectious on day j since infec-
tiousness onset is denoted by v, = P(D > j),j = 1,..., Dyyap. As symptoms caused by ZIKV
usually resolve in about a week [3], we choose 4 to 8 days as the range of the mean infectious
period. Table S1 describes three sensitivity settings for the infectious period in humans: (1) the
short setting has a range of 2 to 6 days with mean 4 days, (2) the medium setting has a range of
4 to 8 days with mean 6 days, and (3) the long setting has a range of 6 to 10 days with mean 8
days.

Given that a mosquito bites an infectious case, we assume that biting occurs equally likely



over the human’s infectious period, after which a fixed extrinsic latent period of 6* = 10 days
follows [4]].

The natural time span of an adult mosquito is around 30 days [2, 5]. It is likely that, once
infected and the extrinsic latent period has passed, the virus reproduces in a mosquito’s salivary
gland throughout its life. Similar to the infectious period of humans, we assume the infectious
period of an infected mosquito, denoted by D* days, is also uniformly distributed within the

given bounds, D’ . and D’

min max*

The corresponding probabilities of the mosquito remaining
infectious on day j* since infectiousness onset, j* = 1,..., Dy .. is denoted by 77. = P(D* >
j*). Table S1 describes three sensitivity settings for the infectious period in mosquitoes: (1) the
short setting has range 5 to 9 days with mean 7 days, (2) the medium setting has range 8 to 12
days with mean 10 days, and (3) the long setting has range 12 to 18 days with mean 15 days.
Given the assumed distributions above, we derive the relative infectivity of an infected case
to an exposed susceptible person for a range of serial intervals. Intervals k that are more likely
have higher relative infectivity 6. From the probabilities {; : j = 1,..., Dy, } and {7} :
j*=1,...,D5 ..}, we derive the relative infectivity for the interval & between onset of an

index case and onset of a secondary case as:

*
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oz T 07 — 1, where 6™ is the extrinsic latent period for infected

mosquitoes. The 6;’s are then standardized to have mean one so that when we estimate the
transmission probability (defined later) as p(t)0x, p(t) is interpreted as the average transmissi-
bility over the infectious period. For simplicity, we use the same notation for the standardized
0;’s. At the bottom of Table S1, we report the exact values of the #’s for three combinations of

the human and mosquito infectious period (short/short, medium/medium, long/long).



Table S1: Natural history of ZVD.

Host Sensitivity Probability
Type Period Settings ~ Minimum  Maximum  Mass Mean
Human Incubation Short 3 7 (04,02,0.2,0.1,0.1) 4.3
Medium 3 7 (0.1,0.2,0.4,0.2,0.1) 5
Long 3 7 (0.1,0.1,0.2,0.2,0.4) 5.7
Infectious Short 2 6  Uniform 4
Medium 4 8  Uniform 6
Long 6 10 Uniform 8
Mosquito  Latent Fixed 10 10 Fixed at 10 days 10
Infectious Short 5 9 Uniform 7
Medium 8 12 Uniform 10
Long 12 18  Uniform 15
Relative Infectiousness Short 11 24 (0.5,1.0,1.4,1.7,
[ 19,19,1.7,1.42,1.08,
0.7,0.4, 0.2, 0.08, 0.02)
Medium 11 29 (0.320.63,0.95,1.27,1.52,1.71,

1.84,109,1.84,1.71,1.52, 1.27,

0.96, 0.68, 0.44, 0.25, 0.13, 0.051, 0.013)
Long 11 37 (023 0.45,0.68,0.9, 1.13, 1.35,

1.53,1.67,1.76, 1.8, 1.8, 1.8,

1.77,1.7, 1.61, 1.48, 1.32, 1.13,

0.91,0.7,0.51, 0.35, 0.23, 0.13,

0.064, 0.026, 0.0064)

2 Estimation of effective reproductive numbers(2;) and ba-

sic reproductive number (R)

Suppose we observe an epidemic from day 1 to day 7" among a population of N individuals.
We assume random mixing within the population. We assume the epidemic is initiated by a few
imported cases in the early phase. Although case-importation is possible throughout the whole
epidemic, it usually plays a negligible role for outbreaks of emerging infectious diseases in large
populations. For this reason, we assume each susceptible person can be infected by any contact
outside the study population with a probability of b per day, but we fix b at a extremely low value
which is assumed known. Estimation of b is often difficult and unreliable, if not impossible,
for epidemic curve data. Let py(t) be the baseline probability that a susceptible individual

is infected by an infectious individual (via mosquito bites) on day ¢. To adjust for observed



p(t)
1—p(t)

= log po(t) + 23

covariates, the effective transmission probability is modeled via log 1—po(t)

where 3 is the coefficient vector for covariate vector x. For the two outbreaks in Colombia, the
covariates considered are gender and three age groups (0-19, 20-49, and 50+). We let py(t) be
time-dependent to account for temporal heterogeneity in the virus’s transmissibility caused by
factors that are difficult to observe, for example, seasonality, intervention or changes in social
contact behavior. To estimate effective reproductive numbers R;, a usual practice is to partition
the epidemic period into several intervals and to assume py(t) is piece-wise constant over these
intervals. To simplify notation, let p be the vector of transmission probabilities to be estimated.

When p(t) is constant over the epidemic, p is a scalar and is denoted by p.

Transmission model Let #; be the day of illness onset for person 7, and let #; = oo if 7 is
not infected by the end of the epidemic. Define ¢ = {f; : i = 1,..., N} be the collection
of observed symptom onset days in the population. The probability that a susceptible person ¢

escapes infection on day ¢t is given by
N

ei(t) = (1 =) [T(1 = 5 1p(8)17 <) (1

J=1

from which the likelihood contribution of individual 7 can be derived as

HTfl ei(t)v i = 00,
i ap (L= ei() [y ea(7), T <T.

To adjust for the selection bias that the outbreak is initiated by imported cases and that the

]

)

exposure history of imported cases is unknown, imported cases do not contribute their own
individual likelihoods, although their infectious periods do contribute to likelihoods of non-
imported cases [6]. Let 7, be the illness onset day of the last imported case. This adjustment
also requires our likelihood calculation to start from to — Omax + 1, which is the first possible

day of infection for non-imported cases. We use the following adjusted likelihood

T
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which is a close approximation to the exact but much more complex adjustment used by Yang

and colleagues [6]. Estimation is obtained by maximizing the joint likelihood for the population:
N

Lp,B) = [[ LY (p. B). 4)
i=1

Calculation of effective reproductive numbers R; and the basic reproductive number R,
The effective SAR is the probability that an infected person infects an exposed susceptible
during his infectious period, based on the effective transmission probability p(t), which is cal-

culated as

Dmam +D:nax +5* _1

SAR(t) =1 — 11 (L—p(t—13)06;). (5)

j=1

Let S(t) be the number of susceptible individuals at time ¢. The effective reproductive number
is defined as R; = S(t)SAR(t), the average number of secondary infections an infected person
can generate during his or her infectious period based on the transmission probability of the
pathogen at time ¢. When the population is sufficiently large such that S(¢) ~ N for all ¢,
we can use R, ~ NSAR(t). If p(t) = p is time-invariant, Yang and colleagues [7] showed
that, for a sufficiently large /N and a sufficiently small p, the chain-binomial model converges
to a Poisson model where the number of new cases at each day has a Poisson distribution, and
NSAR = N [1 — H?Zl (1 —-p Hj)] has the interpretation of the basic reproductive number
Ry, which is the average number of individuals a typical infected person infects during his or
her infectious period in a large, fully susceptible population. A useful result of this asymptotic
argument is that, even if only the numbers of cases are reported but the size of the underlying
susceptible population is unknown, one can create a large artificial population by assuming
each observed case corresponds to K uninfected individuals for some large K (> 50 is large
enough), and then apply the chain-binomial model to estimate R.

To estimate R;, we adapt a sliding window approach by Cori and colleagues [1] to the

chain-binomial model. Specifically, for each day ¢ during the epidemic, we define a one-week
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window [t — 3, t+ 3], i.e., the epidemic period is partitioned into three intervals, with the middle
interval equal to the window and the other two corresponding to [1,¢# — 4] and [t + 4,7]. We
then assume the transmission probability p(t) is piece-wise constant over the three intervals,
and the associated parameters are p = (p1, p2, p3). The effective reproductive number at ¢ is
then estimated by R, =N po, Where p = (p1, P2, P3) are the maximum likelihood estimates
based on (). The confidence interval of R, can be obtained using standard delta methods.

The asymptotic argument requires a continuously growing epidemic, which implies that, for
valid estimation of 7y, the chain-binomial model has to be applied only to the growth phase of
the epidemic. On the other hand, reporting bias in the early phase of the epidemic, in particular
under-reporting when a new disease is emerging, often inflates the estimate of Ry. The inflation
is a much more severe problem for diseases with relatively long serial intervals such as vector-
borne diseases, because a large number of cases has to be explained by a handful of initial cases.
For example, when the chain-binomial model assuming constant transmission probability p is
applied to the growth phase of the Girardot outbreak of, the estimate of R, can be over 100
(results not shown)

To overcome this difficulty, we start from the estimation of effective reproductive numbers
R, during the growth phase, defined as the period [T} — imean, T2 — Omean), Where T7 is the day
at which the epidemic starts to grow, 715 is the peak day of the epidemic, and 0,4, is the mean
duration of the incubation period. Reporting of Zika cases is assumed to be 10% on or before
the start of the growth phase and increases linearly for 2, 4, or 6 weeks until reaching 100%. The
observed case numbers are rescaled according to the assumed reporting ratios for all analyses.
Ry is calculated as the median of the effective R; values during the growth phase. We choose the
median as it is more robust to extreme values than the mean, so that our estimate is less affected
by extremely high values of R, due to under-reporting at the beginning of the epidemic. The

95% confidence interval (CI) for R is the median of the 95% CIs for the effective R, estimates;



this approach is not exact but is conservative because it assumes perfect correlation among all

R; estimates during the growth phase.

Evaluating goodness-of-fit Following the approach of Yang and colleagues [6], we track the
exposure history of each participant and calculate the probability of illness onset of this person
on each day based on the fitted model, conditioning on the epidemic history up to the day before.
This conditional probability can be interpreted as the model-predicted frequency of illness onset

per person-day. For person i and each day ¢ < ;, the model-fitted probability of illness onset is

tf(smin T—1

mi(t) = Z {(1—6,-(7)) H ei(s)}at_T).

T=t—0max s=t—0max
For ¢t > t;, person i is not susceptible anymore and should therefore not contribute to the
expected frequency. For a given model, the aggregated expected frequencies Zf\; L mi(t), can
be plotted together with the observed onset frequencies to show goodness-of-fit. In addition,
the illness status of each susceptible person-day is a Bernoulli random variable with probability
7;(t). For a random-mixing homogeneous population (when individual-level covariates are not
considered), 7;(t) is identical for all i satisfying #; > t. Denote the common value of 7;(t)
by 7(t). Then, conditioning on the number of susceptible individuals S(¢) and the expected
probability of illness onset 7(¢) per person-day, the model-predicted distribution for the number
of illness onsets on day ¢ is Binomial(S(t), 7 (t)). The pair of symmetric /2 and 1 — /2
quantiles form a conditional (1 — «) x 100% CI for the number of illness onsets on day ¢. In
accordance with the sliding-window approach for estimating R;, for each window [t — 6, ],
we pick the day that is ;5 days after the middle point of the window (day ¢ — 3), where p5 =
Zj’;gfnm jaj is the mean incubation period. Denote this day by 7(¢). The expected frequency,
Zij\il mi(7(t)), and associated conditional (1 — «)100% confidence interval are then plotted

against 7(t) for assessing the goodness-of-fit.



Table S2: Estimates of R, for the outbreak of ZVD in San Andres, Colombia, for each
combination of assumed natural history of Zika and assumed temporal pattern of under-
reporting. The reporting ratio is assumed to increase linearly from 10% on and before
September 30, 2015, to 100% in 2, 4 or 6 weeks. The estimation of R, is based on the

median estimates of effective ; during the growth phase of the outbreak, September 25

to November 2, 2015.
Human Human Mean Time 10% to 100% Reporting
Infectious  Incubation Serial 2 Weeks 4 Weeks 6 Weeks
Period Period Interval  Est. 95% C1 Est. 95% CI Est. 95% C1
Short Short 18.8 1.71  (1.46,2.01) 1.24  (1.04,1.48) 1.37  (1.15,1.63)
Short Medium 19.5 172 (1.47,2.01) 1.19  (1.02,1.39) 1.18  (0.99, 1.42)
Short Long 20.2 1.71  (1.42,2.04) 1.21  (1.02,1.42) 1.09  (0.92,1.29)
Medium Short 21.3 193  (1.57,2.24) 1.63  (1.34,1.99) 225  (1.91,2.65)
Medium Medium 22.0 1.82  (1.49,2.12) 1.41  (1.15,1.74) 1.93  (1.63,2.29)
Medium Long 22.7 1.78  (1.52,2.07) 1.25  (1.00, 1.55) 170 (1.42,2.04)
Long Short 24.8 1.83  (1.54,2.21) 237 (1.96, 2.86) 335  (2.87,3.91)
Long Medium 25.5 1.75  (1.50,2.07) 2.07  (1.70,2.52) 290 (247,3.42)
Long Long 26.2 176 (1.46,2.09) 1.80  (1.46,2.21) 251 (2.11,2.99)

2.1 R, results

10



Mean Serial Interval = 18.8 Days Mean Serial Interval = 21.3 Days Mean Serial Interval = 24.8 Days

N S o N
< r Fa S J 9 < \ N -9
9] 9] 9]
3 o o 3 Qo o 2 Qo o
£ o Lo £ o Lo £ o Lo
=] = = 2 - = 2 -
o] Z k3] P © ol Z ©
N [0} (7] « @ () «~ [} (9]
1%} = %] = 7] =
8 She 18 She 18 T
o ° o
E] S S
PO 4
° 1 Lo ° Lo o Lo
S 5 e S S R R S S S S A W R P S S S S R R
¥ O o O o P o I G o P o AP O° o S° o ° 0¥ o OV N O oV W g o
P 29 <18 UK SIS Sgic) RIS USgNe Q1 B CIPE CLIN g Sggic Sy RSO Q% <7 8 O I S NSO
& g g0 (o T ¢ 0o @O0 o ¢ 0o 00 o o
Date Date Date
Mean Serial Interval = 19.5 Days Mean Serial Interval = 22 Days Mean Serial Interval = 25.5 Days
o o /‘v o
< - 0 S ' 0 < 0
o 9 \ = =
,’ “ ' '
9] ! 9] 9]
819 24 84 2 @ 819 @
£ o |9 £ o |9 £ o |9
5 i S S 5 S 2 5 g Ei
g4 2 A ot 942 3 42 £
© o (9] © @ ) (]
1%} o = 1] = 7] =
I Jife [ o Wl o 4 W Lo,
9 (@] VY g (@] S (@]
AN TN . ] I p
° D Lo ° Lo o Lo
L S S S S S A S . T R R LI S S S S S A S |
¥ O o O o P o I O O P o 2 o I o P o P o P o PORUCIRPG
Y 9 S a9 ¥ S RCIGIE g Q0 9 S N 29 UGN o <9 USIGIRG S Sgies o 0
OQQ/C %\'00 \f’oc B\"AO '\."‘AO\‘ “\0(’ \.%0?/ “‘QP &(’EP 'SQBP “%eg G\/Oc ’;"oc Q&ﬁo ’@40 &oﬁ 3‘-’0€ 0@3? ’&"XP 3@> Qbee B@Oﬁ &‘300 0\"\0 \,'3“0 “30?’ \,50 G’QPXA 5"3‘)‘ ’SQP
Date Date Date
Mean Serial Interval = 20.2 Days Mean Serial Interval = 22.7 Days Mean Serial Interval = 26.2 Days
o SN o N o N o
< \ < / < ' A\
i -2 -2 ‘ e -2
g4 @ s4 @ g4 @
813 x ® 1 8 14 ® 7 a o
1S o L9 1S o Lo £ o Lo
=1 > - = > - =] = -
g4 2 3 g4z 3 94 2 3
[} Q Q v
%] = 1%} ‘\ = 1%} \ =
§ Sre o187 She .18 \ 5
o o ) o
S S \ S i \
N \ > N PR X
= ; J el P et o —)
° Lo ° Lo o Lo
S L S * L S S S * L S S S S S S .
o O° B g 0P B P o o ° o O° A o P P o g o® o O ¥ PRI SN TSP NN
e A B 7 2 LR i o e 2ot oLt L agPvie LR i o e it oLt s e O W
& 00T OGO (8 o e o & 00T O 0" (8 o T e o & 00T O g0 (8 o T e o
Date Date Date

Figure S1: Estimates of effective R, (red) and model-fitted daily case numbers (green) for
the outbreak of ZVD in San Andres, Colombia, for each assumed natural history of Zika.
The reporting ratio is assumed to increase linearly from 10% on and before September
30, 2015, to 100% in 2 weeks. Dashed curves (both red and green) are conservative 95%
Cls. Histogram in grey shows the epidemic curve. The horizontal orange line indicates
the reference value of 1. The two vertical orange lines indicate the time interval used for

the estimation of R,.

11



Mean Serial Interval = 18.8 Days Mean Serial Interval = 21.3 Days Mean Serial Interval = 24.8 Days

o
2 \ o g S
g g \
|3 | ' - n
5 B 5 3 R 5 | g
814 2 14 84 9 14 7 a b 14
€ [} € ) € v )
> 2 rFS > 2 S > ' 2 S
o] Z g o]z 5] s 4 Z A\ B
R 9] R ] @ S\ ]
%] = 1%} = 0 gt =
@ o, I oo, @ YN o,
<4 O 240 240 L | O
° Lo ° Lo o d # ‘% Lo
f T T 6 1 %f ‘I ‘I 4 T 6 1 f 4 T T T T T 1
GRS
S »\’L“ o 41“ RS 1°* & oS> P @ g o o o 1°‘ o S S @ o o 9 9 o o o
“@g 5970 0 0 v@ 60?}4 9;,;& o “B%g 39 o 0 v€° evé' w Y o Y @(gg? oS o Vp “@l T %0;,0 »s* o @N
Date Date Date
Mean Serial Interval = 19.5 Days Mean Serial Interval = 22 Days Mean Serial Interval = 25.5 Days
e g - N
I
o 5 ] o 5 9 s 5 9
° o o ° o o o o
£ ) £ [ £ )
=} 2 rS > 2 FS o > 2 S
R4 2 5] R4 2 o] &1 2 g
[} ) @ Q @ Q
%] = 0 = 0 =
I} w| @ o, @ o,
S O =] (@] ] (@]
° Lo ° Lo o d Lo
f T T T T 1 r T T T T T 1 r T T T T T T 1
-3 \J \:J > 6 ':
S o '69 '@ S o o o o 7S o o 41“ 2 o° 1“" 1“” v}“ oS> A @ 1 o 9 o o
& x(’oc, o‘ o 0@‘4 o @v‘* S & 50 07 @O0 o Oéf @“ RS & G0 0 @o*‘ \090 @ g
Date Date Date
Mean Serial Interval = 20.2 Days Mean Serial Interval = 22.7 Days Mean Serial Interval = 26.2 Days
S Q )
g ) g g
,
Low L w L w
845 T o845 R -
_g o _g o _g o
(] <] 4]
- =1 = -9 o =] = -9 o =] = -9
R4 2 g R4 2 g 1z g
[} Q [} D ) Q
%] = 17} = 0 =
© w © w © w
240 e S 40 [ 240 e
o Lo o Lo o Lo
f T T T f T T T T f T T T T T
6 ‘) ‘: ‘a ‘) ‘) ‘: 6 ‘)
° S o o o 90 0 o 1‘9 2 S o 1 o 8° 1“‘ & o 1“‘ o s 1““’ R 10“’ 1“‘ o o 1‘9
& o 605 0\\ 0 e &\« g & (o oo e @P\« B & (o (00 e e e
Date Date Date

Figure S2: Estimates of effective R; (red) and model-fitted dailycase numbers (green) for
the outbreak of ZVD in San Andres, Colombia, for each combination of assumed natural
history of Zika and assumed temporal pattern of under-reporting. The reporting ratio is
assumed to increase linearly from 10% on and before September 30, 2015, to 100% in 4
weeks. Dashed curves (both red and green) are conservative 95% Cls. Histogram in grey
shows the epidemic curve. The horizontal orange line indicates the reference value of 1.

The two vertical orange lines indicate the time interval used for the estimation of R,.
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Figure S3: Estimates of effective R, (red) and model-fitted daily case numbers (green) for

the outbreak of ZVD in San Andres, Colombia, for each assumed natural history of Zika.

The reporting ratio is assumed to increase linearly from 10% on and before September

30, 2015, to 100% in 6 weeks. Dashed curves (both red and green) are conservative 95%

Cls. Histogram in grey shows the epidemic curve. The horizontal orange line indicates

the reference value of 1. The two vertical orange lines indicate the time interval used for

the estimation of R,.
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Table S3: Estimates of R for the outbreak of ZVD in Girardot, Colombia, for each com-
bination of assumed natural history of Zika and assumed temporal pattern of under-
reporting. The reporting ratio is assumed to increase linearly from 10% on and before
October 19, 2015 to 100% in 2, 4 or 6 weeks. The estimation of R is based on the median

estimates of effective 1?; during the growth phase of the outbreak, October 19 to November

26, 2015.

Human Human Mean Time 10% to 100% Reporting

Infectious  Incubation Serial 2 Weeks 4 Weeks 6 Weeks
Period Period Interval Est. 95% CI Est. 95% CI Est. 95% CI
Short Short 18.8 7.02 (6.28,7.85) 3.65 (3.25,4.12) 340 (3.06,3.77)
Short Medium 19.5 6.82 (6.11,7.61) 3.64  (3.25,4.09) 335 (3.02,3.71)
Short Long 20.2 6.54 (5.85,7.31) 3.56  (3.17,3.99) 321 (2.90,3.56)

Medium Short 21.3 8.84 (7.92,9.86) 4.68 (4.16,5.26) 442 (3.99,4091)

Medium Medium 22.0 8.50 (7.62,9.48) 461 (4.11,5.16) 431  (3.89,4.77)

Medium Long 227 8.09 (7.25,9.03) 448 (4.00,5.01) 4.12  (3.72,4.56)
Long Short 24.8 1323 (11.89, 14.72) 741  (6.61,8.30) 729 (6.60, 8.06)
Long Medium 25.5 12.65 (11.37,14.09) 722 (6.46,8.07) 7.04  (6.37,7.77)
Long Long 26.2 11.97  (10.74, 13.34) 6.97 (6.24,7.78) 6.67  (6.04,7.36)
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Figure S4: Estimates of effective R, (red) and model-fitted daily case numbers (green) for
the outbreak of ZVD in Girardot, Colombia, for each assumed natural history of Zika.
The reporting ratio is assumed to increase linearly from 10% on and before October 19,
2015, to 100% in 2 weeks. Dashed curves (both red and green) are conservative 95% Cls.
Histogram in grey shows the epidemic curve. The horizontal orange line indicates the

reference value of 1. The two vertical orange lines indicate the time interval used for the
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Figure S5: Estimates of effective R; (red) and model-fitted daily case numbers (green) for
the outbreak of ZVD in Girardot, Colombia, for each combination of assumed natural
history of Zika and assumed temporal pattern of under-reporting. The reporting ratio
is assumed to increase linearly from 10% on and before October 19, 2015, to 100% in 4
weeks. Dashed curves (both red and green) are conservative 95% Cls. Histogram in grey
shows the epidemic curve. The horizontal orange line indicates the reference value of 1.

The two vertical orange lines indicate the time interval used for the estimation of R,.
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Figure S6: Estimates of effective R, (red) and model-fitted daily case numbers (green) for
the outbreak of ZVD in Girardot, Colombia, for each assumed natural history of Zika.
The reporting ratio is assumed to increase linearly from 10% on and before October 19,
2015, to 100% in 6 weeks. Dashed curves (both red and green) are conservative 95% Cls.
Histogram in grey shows the epidemic curve. The horizontal orange line indicates the

reference value of 1. The two vertical orange lines indicate the time interval used for the

estimation of R,,.
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Table S4: Estimates of R, for the outbreak of ZVD in Salvador, Brazil, for each combina-
tion of assumed natural history of Zika and assumed temporal pattern of under-reporting.
The reporting ratio is assumed to increase linearly from 10% on and before March 30,
2015, to 100% in 2, 4 or 6 weeks. The estimation of 7 is based on the median estimates

of effective 1?; during the growth phase of the outbreak, March 25 to May 3, 2015.

Human Human Mean Time 10% to 100% Reporting
Infectious  Incubation Serial 2 Weeks 4 Weeks 6 Weeks
Period Period Interval  Est. 95% CI Est. 95% CI Est. 95% CI
Short Short 18.8 122 (1.14,1.29) 1.39  (1.32,1.47) 1.71  (1.62,1.79)
Short Medium 19.5 1.24  (l.16, 1.32) 1.37  (1.30, 1.45) 1.71  (1.63, 1.80)
Short Long 20.2 121 (1.14,1.29) 139 (1.32,1.47) 1.71  (1.64, 1.80)
Medium Short 21.3 126 (1.18,1.35) 142 (1.34,1.50) 1.79  (1.71, 1.88)
Medium Medium 22.0 1.28  (1.20,1.36) 142 (1.35,1.49) 1.81  (1.73,1.90)
Medium Long 22.7 1.27  (1.19, 1.35) 1.43  (1.36, 1.50) 1.86  (1.76,1.95)
Long Short 24.8 1.28  (1.21,1.35) 1.47  (1.38,1.56) 1.97  (1.87,2.06)
Long Medium 255 129 (1.22,1.36) 1.45  (1.37,1.53) 1.98  (1.89,2.06)
Long Long 26.2 126  (1.19,1.33) 1.48  (1.41,1.56) 2.02 (1.93,2.11)
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Figure S7: Estimates of effective R; (red) and model-fitted daily case numbers (green)

for the outbreak of ZVD in Salvador, Brazil, for each assumed natural history of Zika.

The reporting ratio is assumed to increase linearly from 10% on and before March 30,

2015, to 100% in 2 weeks. Dashed curves (both red and green) are conservative 95% Cls.

Histogram in grey shows the epidemic curve. The horizontal orange line indicates the

reference value of 1. The two vertical orange lines indicate the time interval used for the

estimation of R,,.
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Figure S8: Estimates of effective 1?; (red) and model-fitted daily case numbers (green)

for the outbreak of ZVD in Salvador, Brazil, for each combination of assumed natural

history of Zika and assumed temporal pattern of under-reporting. The reporting ratio is

assumed to increase linearly from 10% on and before March 30, 2015, to 100 % in 4 weeks.

Dashed curves (both red and green) are conservative 95% Cls. Histogram in grey shows

the epidemic curve. The horizontal orange line indicates the reference value of 1. The two

vertical orange lines indicate the time interval used for the estimation of R,.
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Figure S9: Estimates of effective R; (red) and model-fitted daily case numbers (green)
for the outbreak of ZVD in Salvador, Brazil, for each assumed natural history of Zika.
The reporting ratio is assumed to increase linearly from 10% on and before March 30,
2015, to 100% in 6 weeks. Dashed curves (both red and green) are conservative 95% Cls.
Histogram in grey shows the epidemic curve. The horizontal orange line indicates the

reference value of 1. The two vertical orange lines indicate the time interval used for the
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2.2 Sensitivity analyses for under-reporting

Sensitivity analyses are performed assuming that reporting at the start of the outbreak is 30%

rather than 10%. (See Figures[SI0|(San Andres), [STI|(Girardot), and [ST2](Salvador).)
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Figure S10: Estimates of effective R; for the outbreak of ZVD in San Andres, Colombia,for

each combination of assumed natural history of Zika and assumed temporal pattern of

under-reporting. The reporting ratio is assumed to increase linearly from the baseline ra-

tio of 10% (red) or 30% (green) on and before September 30, 2015, to 100% in 2 (dotted),

4 (dashed) or 6 (solid) weeks. Histogram in grey shows the epidemic curve. The horizontal

orange line indicates the reference value of 1. The two vertical orange lines indicate the

time interval used for the estimation of .
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Figure S11: Estimates of effective R, for the outbreak of ZVD in Girardot, Colombia, for
each combination of assumed natural history of Zika and assumed temporal pattern of
under-reporting. The reporting ratio is assumed to increase linearly from the baseline
ratio of 10% (red) or 30% (green) on and before October 19, 2015, to 100% in 2 (dotted),
4 (dashed) or 6 (solid) weeks. Histogram in grey shows the epidemic curve. The horizontal
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Figure S12: Estimates of effective 1z, for the outbreak of ZVD in Salvador, Brazil, for each
combination of assumed natural history of Zika and assumed temporal pattern of under-
reporting. The reporting ratio is assumed to increase linearly from the baseline ratio of
10% (red) or 30% (green) on and before March 30, 2015, to 100 % in 2 (dotted), 4 (dashed)
or 6 (solid) weeks. Histogram in grey shows the epidemic curve. The horizontal orange

line indicates the reference value of 1. The two vertical orange lines indicate the time
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